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2.  BACKCBODND 

a.  Xn  the  recent  past  a  number  of  failure  incidents  involving  large 
caliber  guns  have  taken  place  at  Aberdeen  Proving  Ground.  Xn  these  cases,  no 
accurate  data  of  the  pressures  reached  in  the  guns  before  tube  failure  were 
obtained,  in  spite  of  the  presence  of  both  mechanical  crusher  gauges  and 
piesoelectric  transducers  on  the  guns.  Xt  was  apparent  in  these  failures  that 
Che  gauges  used  had  neither  Che  range  to  sieasure  the  high  chamber  pressures  nor 
Che  capability  to  survive  the  shock  and  impact  damage  associated  with  a 
catastrophic  evant.  The  upper  range  of  the  crusher  gauges  used  was  100  kpsi 
and  that  of  the  pieso  transducers,  108  kpsi.  With  the  crusher  gauge  one  relies 
on  fine  dimensional  measurements  on  a  copper  sphere  for  detemining  pressure; 
any  slight  damage  to  this  sphere  destroys  the  usefulness  of  the  gauge.  The 
pieso  transducer,  on  the  other  hand,  is  even  more  easily  incapacitated  by  the 
destruction  of  vires  and  teminal  connections.  Xn  addition,  its  pieso  crystal 
may  respond  unpredictably  if  the  hole  into  which  it  fits  in  the  gun  tube  wall 
becomes  defomed. 


A  gauge  hat  baan  daaignad  to  addraaa  tha  naad  for  maaarMant  of  chamber 
praaaoraa  abore  the  range  of  the  eruaber  gauge,  although  praaaurea  above 
120  kpai  are  praaeutly  outaide  tha  normal  functioning  of  guna.  The  report 
praaenta  tha  theory  behind  the  abear  preaaurc  gauge  and  the  deaign  of  the 
prototype  model  awaiting  asparimantal  tatting. 

b.  The  invaatigttion  began  on  5  Movember  1984  and  ended  on  30  September 

1985. 


3.  TEST  OgJECTXVE 

Tha  objective  vaa  to  develop  a  mechanical  preaaure  gauge  with  the  capacity 
to  meaaure  preaaure  above  120  kpai. 


4.  8UMKART  OF  PSOCEDD&ES 

a.  The  theory  of  the  gauge  vaa  developed. 

b.  A  prototype  model  of  the  gauge  vaa  deaigned  and  fabricated  along  vith 
a  teat  future  for  teating  the  gauge  in  a  preaaure  generator.  Detailed  part 
drtvinga  were  prepared  uaing  the  computer  aided  deaign  ayatem  (CAD)  mounted  on 
the  IBM  4341  computer. 


5.  SUMKAET  OF  RESULTS 

a.  Theory  of  the  abear  preaaure  gauge.  The  deaign  of  the  preaaure  gauge 
involvea  the  ahearing  of  a  uniformly  loaded  circular  plate  at  it  a 
circumferential  aupport.  To  enaure  ahearing  and  not  a  bending  failure,  which 
would  be  uninterpretable,  it  vaa  neceaaary  to  cbooae  the  proper  bole 
diameter-to-plate  thickneaa  ratio.  Thia  waa  done  by  aolving  aimultaneoualy  the 
equationa  for  bending  and  abear  failure  (ref  la).  Bending  failure  will  occur 
at  the  preaaure  predicted  by  the  following  aquation: 

Pb  ■  (t/r)2/3 

where: 

Pb  ■  preaaure  to  initiate  tenaile  yield  at  the  aupport 
oy  ■  tenaile  yield  atrengtb  of  the  plate  material 
t  ■  thickneaa  of  the  plate 
r  >  radiua  of  the  bole  under  the  plate. 

The  preaaure  which  will  cauae  ahearing  ia  given  by  the  following  equation: 

P.  -  2t„  (t/r) 

where: 

Pg  •  preaaure  to  cauae  abear  failure  at  the  aupport 
▼o  ■  ultimate  abear  strength  of  the  plate  material 
t  ■  thickneas  of  the  plate 
r  •  radius  of  the  hole  under  the  plate. 
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5  (Cont'd) 

The  above  equatioae  can  be  developed  aisultaneously  by  aetting  equal  to 
?•,  reaolting  in  the  derivation  of  the  critical  bole  radioa  to  tbickneaa  ratio 
(r/t)cri  a  ahear  failure.  The  relationabip  ia  given  by  (r/t)er  *  2(^/3tu 

and  the  correaponding  critical  preaauret  ^ert  ^cr  -  3r„2/oy. 

The  preceding  aqnationa  are  at^aariaed  and  illuatrated  in  Figurea  1  and  2 
of  Bncloaure  1.  In  Figure  2  (end  1)  it  ia  aecn  that  ie  the  preaaure  which 
will  cauae  a  aiaultaneoua  failure  in  ahear  and  initiation  of  tenaile  yield  at 
the  aupport.  Above  ^cr  ahear  failure  ia  aaaured  and  below  it  only  bending 
failure  ia  poaaible. 

The  aechanical  propertiea  of  a  large  nuaber  of  almintB  and  ateel 
aateriala  were  ezaained  to  find  the  preaaure  range  in  which  they  could  be  uaed 
aa  circular  plate  aaterial  in  the  preaaure  gauge  (ref  lb  and  Ic).  A  partial 
liat  of  theae  propertiea  ia  ahovn  in  Encloaure  2.  The  propertiea  indicate 
that  the  ahear  gauge  baa  a  range  from  20  kpai  to  350  kpai.  Critical 
radiua-to-plate-tbickneaa  ratioa  for  the  materiala  liated  arc  between  0.36  and 
1.15. 

b.  Prototype  model.  A  prototype  model  of  the  ahear  preaaure  gauge  waa 
dcaigned  and  manufactured.  The  aaaemhly  drawing  of  the  gauge  ia  ahown  in 
Figure  3  (end  1),  and  the  detailed  drawinga  for  the  varioua  parta  are  ahown  in 
Figurea  4  through  7  of  Encloaure  1.  The  gauge  ia  alao  deaigned  to  be 
accomaK>dated  in  a  cartridge  aa  ahown  in  Figure  6  (end  1). 

The  baaecap,  the  houaing,  and  the  top  cap  were  all  deaigned  with  a 
bcsagonal  geometry  for  caay  aaaemhly.  The  gouge  baa  outaide  dimenaiona  of  1.5 
by  1.4  inch  and  can  acconaodate  a  0.1  inch  thick  wafer  plate.  Copper  covera 
applied  at  both  enda  arc  intended  to  prevent  damage  to  the  gun  tube  interior. 

Initially  the  gauge  waa  made  with  two  bolea  for  eaae  of  fabrication, 
although  in  principle  the  gauge  can  be  made  with  aeveral  bolea  aa  long  aa  it  ia 
not  atructurally  weakened.  The  two  bolea  of  the  prototype  are  0.100  and 
0.200  inch,  in  diameter.  The  componenta  for  the  abear  gauge  with  the  exception 
of  the  wafer  plate  arc  made  of  AISI  4140  ateel  hardened  to  Bockwell  C  36-40. 
All  mating  aurfacea  were  machined  to  a  fine  finiah  to  aaaurc  a  good  preaaure 
acal  without  which  the  gauge  aa  deaigned  cannot  be  expected  to  function 
accurately. 

The  materiala  that  will  initially  be  naed  for  the  wafer  plate  will  be 
tboae  highlighted  in  Encloaure  2  by  an  arrow;  they  include  1060-B16,  3004-H32, 
and  5052-H38  alvminum  alloya.  With  the  firat  of  theae  materiala  the  large  hole 
ahould  reault  ia  a  failure  of  the  wafer  plate  at  20  kpai  and  the  amaller  hole, 
at  40  kpai.  With  the  laat  of  theae  materiala  the  correaponding  preaonrea  are 
47  and  94  kpai. 

c.  Flanned  tearing.  The  ahear  gauge  will  be  texted  atatically  and 
dynamically  in  hydraulic  teat  machinaa  having  reapeetivc  capabilitiaa  of  80  and 
100  kpai.  If  the  gauge  perfoma  aatiafactorily  at  theae  praaanraa,  it  will  be 
teated  dynamically  at  preaanraa  ap  to  150  kpai  naing  a  cloaed  bomb  apparatua. 
A  teat  fixture  for  the  gaage  which  ie  auitahlc  for  the  atatic  preaaure 
generator  ia  ahown  in ’Figurea  9  and  10  (end  1). 


*»*•  V  ' 


6 .  AKALTSIS 


a.  The  principal  faatnrce  of  the  ahear  preaaure  gauge  are  a  aDall  aize, 
the  lack  of  teaperature  and  preaaure  linitationa,  the  abaence  of  any  moving 
parta,  and  the  lov  aanufacturing  coat,  aaauaing  that  all  eoaponenta  with  the 
exception  of  the  wafer  plate  are  reusable.  The  disadvantage  of  the  gauge  is 
the  discrete  nature  of  the  aieasurement ,  which  does  not  give  a  precise  reading 
but  an  upper  and  lover  linit  within  a  given  tolerance. 

h.  The  theoretical  analysis  shows  that  the  concept  of  the  gauge  is  a 
sound  one.  It  resaina  to  be  deterwined  fron  testing,  if  the  perfomance  of  the 
gauge  as  designed  can  equal  the  ezpections  raised  by  the  theoretical 
development . 

c.  Looking  beyond  the  successful  testing  of  the  prototype,  it  will  be 
necessary  to  modify  the  current  design  to  obtain  a  gauge  having  greater 
pressure  resolution  through  the  introduction  of  additional  holes  and  smaller 
overall  dimensions.  To  achieve  such  a  goal  finite  element  analysis  of 
alternative  designs  will  be  required. 

7.  CONCLUSION 

It  is  concluded  that  the  shear  failure  of  a  circular  plate  over  a  hole 
represents  a  workable  idea  for  a  preaaure  gauge  which  can  be  used  in  the 
chambers  of  large  caliber  guns  as  a  catastrophic  backup  gauge. 


8.  UCOMKENDATION 

It  is  recommended  that  the  work  on  the  shear  pressure  gauge  be  continued. 
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Figure  2.  Curve  Illustrating  the  relationship  between  pressure  and  the  radlus-over-thlckness 
ratio  for  the  uniformly  loaded  plate  in  shear. 
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Figure  4.  Top  cap  of  the  prototype  ahear  preaaurc  gauge. 
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Aberdeen  Proving  Ground)  MD  21005*-5055 
Cooender 

U.8.  Any  Ananent  Ecsesrch  end  Developnent  Coassnd 
Dover.  IJ  07801 

Coaeender 

Wstervliet  Arsenal 

ATTN:  8MCW-BDS-AE.  Mr.  B.  Fowls 

8MCW-B]>E-BMM)  Dr.  T.  Davison 
Vstervllct.  BY  12189-5000 

Coswander 

O.S.  Any  Materials  Technology  Laboratory 
ATTH:  AMZMR-MH,  Mr.  B.  Batch 
Watertown,  ME  02172-0001 

fs—sTider 

D.8.  Ax«y  Tana  Proving  Ground 
Ttaa,  AZ  85304-9102 

Coanaader 

D.8.  Any  Jefferson  Proving  Ground 
Madison.  IB  47251-5100 


Coaaandcr 

D.8.  Any  White  Sands  Missile  Bange 
ATTH:  8TEW8-TB-P 
Bew  Mexico  88002-5076 

Director 

B.8.  Any  Ballistic  Besearch  Laboratory 
ATTB:  BLCBB-BLT,  Dr.  f.  X.  Grace 
8LCBB-DD-T  (8TIBP0) 

Aberdeen  Proving  Ground.  MD  21005-5066 
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